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SUMMARY 


A  NACA  64-106  aerofoil  model  has  been  wind  tunnel  tested  with 
forward  facing  wedges  at  the  leading  edge  and  upper  surface  at  the  mid- 
chord  position.  Of  particular  interest  is  their  effect  on  low  speed, 
high  incidence  aerofoil  aerodynamics.  The  majority  of  tests  were 
conducted  at  Mach  0.2  (corresponding  to  a  chord  Reynolds  number  of 
0,57  x  10^)  over  the  incidence  range  -10  to  +20  degrees.  The  upper 
surface  wedges  increased  drag  by  over  100%  and  reduced  lift  by  only 
10%  at  moderate  lift  coeff icients,  delayed  the  stall  by  about  2°  and 
maintained  C  .  The  leading  edge  wedges  with  a  2%  chord  slot  under 

them  on  the  other  hand  increased  C  by  between  11  and  17Z  (depending 

LMAX 

on  wedge  size  and  deflection) ,  had  little  effect  on  (for  a  wedge 
deflection  from  the  aerofoil  surface  of  zero  degrees)  and  markedly 
reduced  variations  in  pitching  moment  prior  to  and  following  stall. 
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NOMENCLATURE 


Slot  width 
Wedge  base  width 
Model  chord 
Lift  coefficient 
Drag  coefficient 

Pitching  moment  coefficient,  about  quarter  chord  point 
Maximum  lift  coefficient 
Minimum  drag  coefficient 
Lift  to  drag  ratio 

Reynolds  number,  based  on  model  chord 


Model  angle  of  attack 

Deflection  of  wedges  from  local  aerofoil  surface 
Wedge-aerofoil  surface  slot  height 


1 .  INTRODUCTION 


^  0^  t  C 

-  ■>  Wind  tunnel  tests  -have— been  carried  out  to  determine 

the  effect  on  the  longitudinal  aerodynamic  characteristics  of  a  two- 
dimensional^  (2D)  aerofoil  fitted  with  descrete  forward-facing  wedges 
(base  to  aerofoil  chord  ratio  0.24  and  0.39)  at  the  leading  edge  and 
on  the  upper  surface  of  the  aerofoil.  The  forward-facing  wedges  were 
conceived  as  a  means  of  delaying  stall  and  enhancing  lift  at  high 
incidence.  Thus  they  may  be  useful  in  low  speed  flight  (approach  and 
landing)  where  they  would  be  extended  from  the  clean  wing  surface 
along  with  the  ti^i^lng  edge  flaps. 

Si  c  s 

Tests  were  conducted  at  Mach  numbers  0.2/0. 3,  over  an 
incidence  range  of  -10  to  +20  degrees.  Corresponding  chord  Reynolds 
numbers  were  0.57  and  0.84  million  (compared  to  an  inflight  value  of 
2.5  million  for  a  wing  of  chord  1.25  metres  and  airspeed  of  60  knots). 
The  results  atM*0.2are  more  extensive  than  those  at  M-0.3.  \ 

The  tests  were  conducted  during  January  and  February 

1983. 


2 .  TEST  DETAILS 


2 . 1  Wind  Tunnel 


The  tests  were  carried  out  in  the  ARL  transonic  wind 
tunnel  at  atmospheric  pressure.  The  test  section  was  fitted  with  solid 
sidewalls  and  longitudinally-slotted  top  and  bottom  walls.  The  open 
area  ratio  of  the  slotted  walls  was  16.5%  at  the  model  location  (se- 
Figure  1) . 


The  aerofoil  model  was  supported  by  integrally  machined 
end  tongues  in  sidewall  strain  gauge  balances  which  resolved  aerodynamic 
loads  into  normal  and  axial  forces  and  pitching  moment.  The  balances 
were  bolted  to  supporting  frames  which  were  in  turn  bolted  to  rotating 
frames  in  the  sidewalls  and  were  covered  by  sealing  enclosures  to 
prevent  air  leakage  through  the  sidewall  gaps  surrounding  the  model 
end  tongues. 

2.2  Test  Model 


The  2D  model  consisted  of  a  127  mm  chord  aerofoil  of 
section  NACA  64-106  with  a  quarter  chord  plain  trailing  edge  flap 
deflected  6°.  This  model  was  chosen  because  it  was  available.  It  is 
not  representative  of  a  typical  aerofoil  section  (larger  leading  edge 
radius  and  thicker)  used  on  lower  speed  aircraft.  The  aerofoil 
completely  spanned  the  test  section,  giving  an  aspect  ratio  of  4.1. 

The  aerofoil  was  drilled  and  tapped  for  attaching  the 
forward-facing  wedges  with  flush  mounting  screws.  The  assortment  of 
removable  fixtures  is  shown  in  Figure  2,  and  consists  of: 


(a)  upper  surface  forward  facing  wedges:  leading  edge  sweep 
70*’,  base  30  mm  (24%  model  chord),  deflected  20° ,  to  be 
attached  at  half  chord;  and 

(b)  leading  edge  forward  facing  wedges: 

(i)  leading  edge  sweep  60°,  base  30  mm  (24%  c) , 
deflection  10°,  20°;  and 

(ii)  leading  edge  sweep  60°,  base  50  mm  (39%  c) , 
deflection  0°,  10°  and  30°. 

Also,  in  each  case  the  wedges  were  tested  with  various 
size  slots  between  the  wedges  and  aerofoil  surface,  obtained  by  using 
brass  washers  as  spacers.  The  wedges  were  spaced  one  base  width 
apart  (see  Figure  2)  so  that,  in  all,  8  of  (a)  and  (b) (i)  wedges  were 
fitted  over  the  aerofoil  span  (and  5  of  (b) (ii)  wedges) . 

Althcugh  test  chord  Reynolds  number  was  about  one- 
fifth  that  in  flight,  no  transition-fixing  strips  were  used  on  the 
aerofoil,  as,  with  the  wedges  fitted,  at  moderate/high  incidence 
much  of  the  flow  would  be  vortical  in  nature,  and  hence  not  greatly 
affected  by  transition  fixing  strips. 

2.3  Test  Program 

The  test  program  was  as  scheduled  in  Table  1 .  Nominal 
running  conditions  were  atmospheric  stagnation  pressure,  Mach  number 
0.2  and  chord  Reynolds  number  0.57  ±0.03  x  10^.  Limited  running  was 
conducted  at  M0. 3  to  obtain  the  trend  of  aerodynamic  behaviour  with 
Reynolds  number;  above  this  Mach  number  compressibility  effects  may 
also  begin  to  emerge.  No  corrections  were  applied  to  the  data  for 
wind  tunnel  wall  interference. 

2.4  Data  Reduction 

The  strain  gauge  bridge  signal  for  each  of  the  2  sides 
x  3  channels  was  amplified  and  analysed  separately.  The  6  digital 
outputs  were  then  appropriately  summed  using  the  wind  tunnel's  PDP8I 
6  component  force  reduction  program  with  the  balance  calibration  matrix 
suitably  arranged,  to  give  the  three  components  of  aerodynamic  force 
on  the  aerofoil  -  lift,  drag  and  pitching  moment,  referred  to  the 
quarter  chord  point. 

3.  RESULTS  AND  DISCUSSION 

3.1  Upper  Surface  Wedges 

Lift,  drag  and  pitching  moment  curves  for  the  upper 
surface  wedges  are  shown  in  Figure  3.  Over  the  limited  chord  Reynolds 
number  range  0.57  to  0.84  million.  Re  effects  on  aerodynamic  coefficients 


are  slight  and  for  this  reason  test  results  are  discussed  for  the 
one  value  of  Re  (0.57  x  10^)  only.  It  is  seen  from  the  lift  curve 
that  the  addition  of  the  upper  surface  wedges  results  in  an  incremental 
loss  of  lift  (whilst  maintaining  the  lift  curve  slope) ,  a  delay  of 
about  1.5°  to  stall  and  a  similar  value  of  C  .  The  C  ~  a  curve 

LwAV  ^ 

shows  the  minimum  drag  coefficient  (0.0067  at  o' *  -3°  for  the  clean 
aerofoil)  is  increased  over  six  times  (0.044  at  a  =  -3.5°  for  e  =0), 
but  close  to  and  following  stall,  there  is  little  difference 
between  clean  aerofoil  drag  and  that  with  the  wedges  fitted.  However, 
fitment  of  the  upper  surface  wedges  smooths  the  variation  in  pitching 
moment  above  a  *  0°  and  attenuates  the  rate  of  increase  of  nose-down 
pitching  moment  at  the  stall.  The  slot  size  does  not  make  significant 
changes  to  the  aerodynamic  behaviour  of  the  aerofoil  fitted  with  the 
wedges. 

3.2  Leading  Edge  Wedges 
3.2.1  30  mm  Leading  edge  wedges 

Comparative  C^,  CD  and  Cm  ~  a  curves  are  plotted  in 
Figure  4  for  6  *  10°  and  20°  and  es  *  0.  From  the  CL  ~  a  curve  it 

is  seen  that  tfiese  wedges  cause  a  slight  incremental  reduction  in  CL 
up  to  stall,  that  the  stall  of  the  clean  aerofoil  is  replaced  by  a 
gradual  reduction  in  lift  curve  slope,  and  that  C  is  increased 

10%  for  <5  -  10°  (i.e.  CT  *  0.976  at  a  -  14°)  an^Z  for  -  20° 


=  10°  (i.e.  CT  *  0.976  at  a 
W  1*m»y 

0.960  at  a  =  14°  compared  with  C 


)  andoZ  for  6  -  20° 

w 

0.887  at  a  -  10°  for 


the  clean  aerofoil).  6W  <  0  was  briefly  investigated.  For  6W  *  -20° 

(data  not  presented)  C  ■  0.949  at  a  ■  13°,  which  is  3%  less  than 

for  6  -  10°.  HlAX 

w 

Fitment  of  the  30  mm  leading  edge  wedges  doubles  CD 
(to  0.015  at  a  *  -3°);  between  this  incidence  and  stall,  MIN 

is  less  than  doubled.  However,  CD  for  6W  *  20°  is  significantly 
greater  than  for  6W  *  10°.  Cm  behaviour  is  significantly  altered:  by 
providing  a  lift  increment  well  ahead  of  the  clean  aerofoil  centre  of 
pressure,  C  is  less  negative  over  most  of  the  unstalled  incidence 
range,  and  9C  /da  at  stall  (both  positive  and  negative)  is  attenuated 
from  -0.0244  per  degree  for  the  clean  aerofoil  to  about  -0.0053  and 
-0.0043  per  degree  for  6^  *  10  and  20  degrees  respectively. 

Figure  5  shows  the  comparative  effect  of  a  slot 
(c/c  ■  0.006  with  6  »  10°)  beneath  the  wedges.  There  is  a  very  slight 

increase  in  CL  over  the  range  a  *  -10°  to  +5°.  Stall  behaviour  is 
unchanged.  Tne  slot  is  formed  by  adding  washers  (9  mm  outside  diameter 
x  0.8  mm  thick)  to  the  mounting  screws  between  the  wedges  and  aerofoil 
surface.  Thus  blockage  due  to  the  washers  is  significant  and  for  the 
30  on  wedges,  b  /b  “0.37  only. 


E 


i 


C^»  Cp  and  curves  are  plotted  in  Figure  6  for  the 
50  mm  leading  edge  wedges  for  various  deflections  with  e_  ■  0. 
Considering  -  a,  it  is  seen  that  over  the  range  a  =  -8°  to  +3°, 
fitment  of  the  wedges  results  in  a  small  loss  of  (5%  at  ■  0.4, 
a  ■  1°,  for  example)  .  C L  **•  a  curves  for  6  *  0°  and  10°  are  nearly 

identical  up  to  a  *  8°,  above  which  C  is  slightly  greater  for 
6  *  10°  than  for  6  *  0°.  C,  for  6  “  0°  and  10°  over  the  incidence 

w  w  SlAX  W 

range  tested  are  respectively  IYT3  and  1.15  times  CT  for  the  clean 

aerofoil.  Again  the  relatively  abrupt  stall  of  the  clean  aerofoil  is 
replaced  by  a  gradual  reduction  in  lift  curve  slope.  For  6W  =  30°, 

~  a  behaviour  is  different  in  that  9C,/3a  becomes  noticeably  less 
from  about  a  =  2°,  clean  aerofoil  stall  Deing  at  a  *  10°.  The  most 
likely  explanation  of  this  behaviour  is  breakdown  of  the  wedge  leading 
edge  vortices,  considering  the  local  angle  of  attack  of  the  wedges 
is  considerably  greater  in  this  case. 


For  6W  *  0° ,  CD  over  the  range  a 
different  from  that  for  the  clean  aerofoil.  C 
the  other  hand  noticeably  larger,  indicating  L 


0°  to  12°  is  little 
or  6W  *  10°  is  on 
at  C  is  greater 


for  6. 


compared  to  6W 


Cn  for  6W  * 
L/D  at  C 

MAX 


As  with  the  30  mm  wedges,  the  50  mm  wedges  drastically 

reduce  the  drop  in  C  at  the  stall  (see  Figure  6(c)). 

m 

Figure  7  shows  Cr,  CD  and  C,,,  behaviour  for  the  50  mm 
leading  edge  wedges  set  6W  ■  10"  with  various  slot  depths  es/c  (from 
0  to  0.044).  It  is  seen  that  for  this  value  of  6W,  es/c  *  0.02  is 
about  an  optimum  depth  for  maximising  C  .  over  the  whole  range 

of  incidence  increases  directly  with  es.tIowever,  there  appears  to 
be  a  small  drop  in  CD  for  e  / c  ■*  0.044  compared  to  e  /c  *  0.019  or 
0.031.  Due  to  the  slight  lift  augmentation  effect  tfie  slots  provide, 

C  for  e  >  0  is  less  negative  than  for  e  m  0.  Likewise  3C  /3a 
near  andsafter  stall  is  favourably  affected  by  the  existence  of  the 
slots,  in  that  32C  /3e  3a  >  0.  Figure  8  presents  a  CL  comparison 
between  the  two  sets  §f  leading  edge  wedges.  It  is  observed  that 
over  the  tested  incidence  range  the  larger  wedges  are  slightly  more 
lift  enhancing. 

The  50  mm  wedges  have  also  been  tested  with  60°  bevelled 
edges  as  compared  to  straight  edges  (see  Figure  2),  to  determine  whether 
such  edges  could  assist  the  formation  of  more  stable  vortices.  Also 
curved  wedges  of  base  deflection  30°  and  apex  deflection  10°  with 
bevelled  edges  were  tested  at  the  leading  edge  (see  Figure  2)  for  the 
same  reason.  In  both  cases  however,  there  was  virtually  no  positive 
effect  on  C  compared  with  the  flat  straight-edged  wedges  deflected 
0-10°.  As  stowage  of  the  latter  in  an  actual  wing  leading  edge  is 
much  more  readily  accomplished,  no  further  results  for  these  differing 
wedges  are  presented. 


Surface  flow  visualisation  studies  were  carried  out 
using  a  mixture  of  titanium  dioxide,  silicon  oil  and  oleic  acid. 

Two  cases  were  studied: 

(i)  30  mm  leading  edge  wedges:  6  »  10°,  e  “0;  and 

w  s 

(ii)  50  mm  leading  edge  wedges:  6  =  10°,  e  /c  *  0.031. 

w  s 

Surface  oil  flow  pattern  photographs  for  a  =  10° 
appear  as  Figures  9  and  10  respectively.  In  each  case  the  three 
dimensional  vortical  nature  of  the  flow  over  the  aerofoil  is  apparent. 
The  oil  patterns  are  similar  for  the  two  wedge  sizes,  however  vortex 
breakdown  may  be  occurring  further  upstream  of  the  aerofoil  trailing 
edge  in  the  case  of  the  smaller  wedges.  Interference  on  the  flow 
through  the  slots  under  the  wedges  (Figure  10)  from  the  mounting 
screws  and  washers  is  quite  significant  and  indicate  further  tests 
with  less  obtrusive  slot-forming  spacers  (such  as  smaller  diameter 
screw  collars)  are  desirable. 

4 .  CONCLUSIONS 


For  the  aerofoil  section  tested,  forward  facing  wedges 
of  leading  edge  sweep  70°,  base  to  aerofoil  chord  ratio  0.24  and 
deflection  20°  fitted  to  the  upper  surface  at  the  mid-chord  position 
have  the  following  effects  on  section  aerodynamic  behaviour: 

(i)  C  is  reduced  somewhat  -  12%  at  C  =  0.6; 

L  L 

(ii)  Cp  is  increased  drastically  =  125%  at  C^  =  0.6;  and 

(iii)  3C  /3a  is  reduced  slightly  prior  to  and  following  stall. 

m 

Therefore  such  devices  could  be  usefully  employed  as  speed  brakes  or 
descent  rate  controllers,  in  that,  unlike  spoilers,  they  augment  drag 
whilst  reducing  lift  a  relatively  small  amount  and  have  little  effect 
on  pitch  trim. 


On  the  other  hand  forward  facing  wedges  of  60°  sweep, 
base  to  aerofoil  chord  ratios  0.24  and  0.39,  deflection  0-10°,  and 
with  a  2%  chord  slot  between  base  and  aerofoil  surface  have  the  following 
effects : 

(i)  stall  onset  is  delayed  by  2°; 

(ii)  for  both  wedge  sizes,  the  abrupt  stall  of  the  clean 
aerofoil  is  replaced  by  a  gradual  reduction  of  lift 
curve  slope; 


(iii)  C  is  increased  by  between  11  and  17%  and  occurs  at 
5  to  8°  greater  incidence; 


(iv)  for  the  b  /c  =  0.39  wedges  with  <5  =  O’,  C  is  increased 

by  about  W10° ;  and  w 

(v)  the  slope  of  the  pitching  moment  curve  through  stall  is 
reduced  drastically. 

Therefore  such  devices  could  be  used  as  low  speed  handling  and  control 
aids,  in  that  they  have  little  effect  on  aerodynamic  performance  at 
moderate  incidence,  whilst  at  high  incidence  they  reduce  significantly 
the  nose-down  pitching  moment  associated  with  stall  and  maintain  and 
increase  lift  coefficient  through  the  normal  stall  regime. 
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MODEL  CONFIGURATION 

MACH  NO. 

R®C6 
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Clean 

0.2/0. 3 

0.57/0.84 

Upper  Surface  Wedges 

e  *  0;  6  *  20° 

s  V 

0.2/0. 3 

0.57/0.84 

e  “  1.6  mm;  <5  *  20° 

s  s 

rr 

ir 

e  -  3.2  mm;  6  =  20° 

s  w 

ii 

ti 

30  mm  Leading  Edge  Wedges 

e  =  0;  6  -  10° 

s  w 

0.2/0. 3 

0.57/0.84 

e  -  0;  6  “  20° 

s  w 

0.2 

0.57 

e  *  0.8  mm;  6  =  10° 

s  w 

0.2/0. 3 

0.57/0.84 

50  mm  Leading  Edge  Wedges 

e  *  0;  6  -  0° 

s  w 

0.2 

0.57 

e  -  0;  6  -  10° 

s  w 

1! 

e  -  0;  6  «  30° 

s  w 

It 

11 

e  *  2.4  ran;  6  ■  10° 

s  w 

If 

e  “  4.0  mm;  6  *  10° 

s  w 

11 

11 

€  ”  5.6  ran;  6  “  10° 

s  w 
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0.  04  0 

0  5  5*5* 

00.  00 

0.  2505* 

-0.  0023 

0.  05/3 

-0.  2510 

-0.  0574 

0(5* 

0.  04  0 

0.  15*5* 

05.  0(i 

0.  3215 

-Ci.  0021 

0.  0631 

“0.  322/ 

■•Ci.  05/6 

0/0 

0.  04  0 

0.  5  5*5* 

('2.  (i(i 

0.  4027 

-(i.  004  7 

0.  0692 

“0.  4050 

-0.  0561 

0/5 

0  002 

0.  202 

03.  (id 

0  4696 

-0.  003? 

0.  0748 

“0.  4/29 

-0.  0501 

072 

0.  002 

0  205 

03.  5*5* 

0.  5535* 

-0  0058 

0.  0032 

“0.  5505 

-0.  0446 

o?:.« 

0.  002 

0.  205 

04  5*5* 

0.  6107 

-0.  0041 

0.  0902 

“0.  6243 

-0.  0361 

0/4 

0.  04  0 

(i.  5  5*5* 

Of  00 

0.  6740 

-Cl.  076? 

0.  0994 

“0.  6816 

•  0.  0204 

0/0 

0.  002 

0-  205 

07.  (i(i 

0.  755  6 

-0.  0721 

0.  1112 

“0.  259/ 

-0.  0100 

0/(. 

(».  04  0 

0  5  5*5* 

07.  5*5* 

0.  05  52 

-0  074? 

0.  1245 

“0.  824/ 

•  0.  0099 

07/ 

(i.  040 

0  5  5*5* 

00  5*5* 

0.  0522 

-Ci.  0026 

0.  140? 

“0.  8638 

-0  0050 

0/0 

0.  04  0 

0.  5  5*5* 

5  0.  00 

0.  0705* 

-C».  0937 

0.  1611 

“0.  885/ 

-0.  0074 

0/5* 

(i.  040 

0  15*5* 

5  0  5*5* 

0.  0726 

-0.  1071 

0.  1013 

“0.  8913 

-0.  0117 

000 

Ci.  04  0 

0.  5  5*5* 

.1  2.  00 

0.  0763 

-Cl.  1215* 

0.  2023 

-0.  8993 

•  0.  015? 

005 

Ci.  002 

0.  205 

5  3.  00 

0.  0505* 

-0  1280 

0.  2104 

-0.  8862 

•  0.  0196 

002 

(i  002 

0  205 

5  3.  5*5* 

0.  0336 

-Cl.  125»9 

0.  2300 

“0.  8646 

-0.  0216 

oo:< 

0.  (i5  5 

(i.  25*5* 

••  5  (i.  0! 

•-(».  45*54 

0  0135 

0.  1337 

0.  5110 

-0.  045? 

004 

(i.  (15  4 

0  301 

-05*.  05 

-0.  4665* 

-0  0060 

0.  li?0 

0.  4/94 

•  0.  04  26 

000 

0.  (i.l  4 

0.  301 

-00.  00 

-0.  35*44 

-0  044  2 

0.  0943 

0.  4036 

•  0.  030? 

006 

0.  (i5  4 

0  305 

-07.  02 

-0.  25*50 

-(I.  0703 

0.  0729 

0.  3016 

-0.  0366 

007 

(i.  (15  4 

(i.  305 

•Of.  02 

-0.  2005 

•0.  0740 

0.  0502 

0.  2054 

-0  0370 

000 

(i.  (15  4 

(i.  305 

-  CUV  05 

-0.  5  200 

-0.  0753 

0.  0484 

0.  1245 

••(».  (13  7  7 

005* 

(i  014 

0  305 

-04  02 

•0.  0424 

-Cl.  0776 

0.  0484 

0.  0456 

-0.  0464 

05*0 

0.  (1.14 

(i.  305 

-03.  05 

0.  0335* 

-Ci.  0794 

0.  0494 

-0.  0314 

-0.  0512 

05*5 

0  (15  4 

(i.  305 

-02.  00 

0.  1060 

-Cl.  0814 

0.  050? 

-0.  104  3 

-0.  0546 

05*1 

(i  05  4 

0  305 

•05.  0(i 

0.  1755 

-Cl  080? 

0.  0538 

-0.  1/4/ 

•  0.  0570 

c i 5* :< 

(i  (15  5 

(i.  25*5* 

(id  00 

0.  24  02 

“0  0026 

0.  0581 

-0.  2483 

-0.  0602 

05*4 

0  (15  5 

(i.  25*5* 

05.  (id 

0  3220 

-Ci.  0845 

0.  0634 

“0.  3240 

•  0.  0578 

05*0 

0  (t05* 

(i.  25*0 

02.  00 

0.  35*06 

-0  0055 

0.  069? 

-0.  4009 

“0.  0559 

096 

0  (i.l  5 

0  300 

('3.  00 

0.  4  756 

-(».  0069 

0.  0766 

“0.  4/91 

•■(».  051? 

05*/" 

”(r  (i.l  .1 

(i.  3(iO 

04  0(i 

0.  5515 

-0  006? 

0.  0034 

-0.  5561 

-0.  04  40 

05*0 

0  (i.l  5 

0  25*5* 

Ot*.  00 

0.  6206 

-0  0044 

0.  0906 

-0.  6263 

•  0.  0362 

05*5* 

(i  (15  5 

0  25*5* 

Ot:.  5*5* 

0.  6727 

-0  0762 

0.  0993 

-0.  6/95 

•  0.  0206 

5  00 

0  (:.1 5 

(i.  3(i(i 

07.  00 

0.  7503 

-(I  0714 

0.  llil 

-0.  Z583 

-0.  0109 

5  05 

C  (15  5 

(i  300 

07  5*5* 

0.  0126 

-0  0743 

0.  1253 

“0.  8222 

•  0.  0111 

5  o; 

C  (HI 

0  25*5* 

00.  5*5* 

0.  0567 

-0  0033 

0.  1435 

-0  860/ 

0.00/9 

5(0 

0.  C5  5 

0  300 

05*  5*5* 

0.  0616 

-0.  0951 

0  1606 

“0.  8/65 

-0.  000/ 

5  04 

(i  (HI 

0  300 

55.  00 

0  064  4 

-0  1059 

0.  1003 

-0.  8830 

“(1  0121 

5  c*r. 

0.  HI  5 

0  3(i(i 

.12  0(i 

0  0569 

•■{1  1105 

0.  1984 

-0.  8/95 

0.  0160 

5  Of 

(i.  (>55 

0  300 

5  3.  00 

(i.  0406 

0  1258 

0.  2148 

-0.  8/52 

-0  0105 

TABLE  2B-3 


5,1  1: 

lit  Vk. 

non:. 

)HC  )l> 

LIFT. 

PATCH. 

OHHC 

HORKfiL 

fo:  i  hi. 

A  0<> 

0  v.v-i' 

Ci.  200 

•  AO  CiA 

•  0.  4066 

0.  05.33 

0.  131*3 

0.  5021 

•  CI.  0459 

A  A  (i 

0.  552 

Cl  i'OA 

••  05*  01 

-Ci.  A 033 

-0  0104 

0.  11  AO 

0.  4655 

•  0  CH10 

A  A  A 

0  54  0 

Ci.  A  5*5* 

-00  00 

-0.  3  7C.0 

-0.  0489 

0.  0913 

0.  3850 

-Ci.  0302 

A  A  2 

0.  552 

0  200 

-07.  OA 

-0.  A'?  A  A' 

-Ci.  0708 

0.  0714 

0.  280? 

0  03/5 

a  a 

0  552 

Ci.  i'OA 

-00  00 

-0.  1000 

•  Ci  0730 

0.  05/2 

0.  1904 

•  d.  0376 

A  1 4 

0.  552 

Cl.  i'OA 

•OS.  00 

•0.  1072 

-0.  0744 

0.  0502 

0.  1110 

•0.  0408 

A  A  V* 

d.  552 

0.  i'OA 

-  OA  05 

-0.  031'? 

-0.  0769 

0.  0498 

0.  0360 

-0.  04/5 

A  A  6 

Cl.  MCI 

Ci.  A  5<5* 

-03.  00 

0.  CHI' A 

-0.  0790 

0.  050/ 

-0.  0398 

•0.  0529 

A  A? 

Cl.  555 

0.  i'OA 

•  OA'.  00 

0.  1099 

-0  0806 

0.  051/ 

-0.  1081 

•  0.  0556 

A  A  O 

Cl.  555 

Cl.  i'OA 

-01.  00 

0.  1822 

-Ci  0831 

0.  055? 

-0.  1813 

-Cl.  0590 

A  A  5* 

Cl.  552 

0.  i'OO 

00  00 

0.  i'OA'!* 

-0  0833 

0.  0603 

-0.  2530 

•  0.  0604 

A  ;/(• 

Cl.  548 

0  A  05* 

00.  <*<< 

0.  :<i'A5* 

-Ci.  0838 

0.  0654 

-0.  3261 

■  0  0595* 

AA'A 

Ci  '.AC: 

(i.  A  5*5* 

OS'.  00 

0.  A 01' A 

-0.  0003 

0.  0721 

-0.  4048 

•  0.  0500 

*  *  %  + . 

.(  A 

Cl.  54  8 

(i.  A  ?*?* 

(•3.  (1(1 

0.  4718 

-0.  0860 

0.  0784 

-0.  4/54 

•  0.  0536 

A  2  3 

Ci.  f.ts? 

0  i'OCi 

03.  95* 

0.  OAK? 

-0-  0854 

0.  0847 

-0.  5404 

•  0.  046/ 

ii'4 

Ci  552 

(i.  i'OO 

OA.  5*5* 

0.  6196 

-Ci.  0860 

0.  0928 

-0.  6255 

-0.  0385 

a  a*  5 

Ci.  Mu' 

0  i'OO 

05.  5 *5* 

0.  6010 

“0.  0704 

0  1022 

-0.  6808 

-Ci.  0305 

5  26 

Ci.  Mu' 

Ci.  i'OO 

07.  00 

0.  7 ASA 

-Cl  0719 

0.  1127 

-0.  ?5?Z 

-0.  0205 

A  i'7 

Ci.  Mu' 

Cl.  i'OO 

Cl/.  95* 

0.  0076 

-Cl  0745 

0.  126/ 

-0.  81/5 

-0.  0132 

120 

Ci.  Mu' 

0.  i'OO 

05 *.  00 

0.  0O1S 

-0.  0850 

0.  1443 

“0.  0641 

•0.  0092 

A  25* 

Ci.  Mu' 

0.  i'OO 

.1  0.  00 

0.  0731 

-0  0948 

0.  1638 

-0.  B06A 

-  0.  009? 

a:<(i 

Ci.  Mu' 

Cl.  i'OA 

A  A.  00 

0.  0/37 

-0  1041 

0.  1822 

-0.  8925 

•0.  0122 

a:*  a 

Ci  Mu' 

0.  i'OA 

Ai'.  00 

0.  0006 

-0.  ii’Ol 

0.  2032 

-0.  903? 

-0.  015/ 

a  :<2 

Ci.  Mu' 

Cl.  i'OA 

A  i'.  99 

0.  0709 

-0  1284 

0.  220/ 

-0.  0984 

-Ci.  0193 

a  :<.\ 

Ci  (10/ 

0  295* 

-50  05 

-Ci.  4950 

0  0155 

0.  1346 

0.  5010 

-0.  04  84 

a:m 

0.  007 

(i.  25*5* 

••  05*.  05 

-0.  A 6/3 

-0  CI057 

0.  1196 

0.  4802 

-0.  0451 

a  :>t» 

0.  0A  A 

Ci.  300 

-00.  05 

-0.  3S0/ 

-Ci.  04  32 

0.  0966 

0.  4052 

-0.  0406 

a 

0.  0A  A 

0  301 

•07.  05 

-0.  i'063 

-Cl.  0702 

0.  0751 

0.  3032 

-0.  0386 

i:<? 

0.  007 

0.  300 

•  CK'..  05 

-0.  1001 

•  0.  0754 

0.  0599 

0.  2032 

•  0.  0390 

a  30 

0  00A 

0  295* 

•00  05 

*0.  1193 

“Cl.  0766 

0.  0505 

0.  1231 

-Cl.  04 00 

a  :<?* 

0.  00 V 

Ci  300 

•04.  01' 

-0.  CHOI 

-0  0773 

0.  0506 

0.  0434 

"0.  04  70 

A  40 

Ci.  00A 

0.  25*5* 

-03.  00 

0.  0300 

-Cl  0797 

0.  0513 

-0.  0333 

•  0.  0532 

AAA 

0.  007 

0.  300 

•01'.  00 

0.  1070 

“Ci.  0806 

0.  0535 

-0.  1051 

“0.  0573 

A  42 

0.  Oil 

0.  305 

-05.  00 

0.  1011* 

-Ci.  0829 

0.  0560 

-0.  1803 

-Cl.  0593 

A  A 1' 

0.  01 A 

(i.  30A 

00  OCI 

0.  i'030 

-0  0841 

0.  0606 

-0.  2539 

•0.  0607 

A  A  A 

0  OA  A 

Ci.  305 

05.  00 

0.  3i'3A 

-0  0041 

0.  0659 

-0.  3246 

•  0.  0603 

a  a 

0.  007 

0.  300 

OS'.  00 

0.  3070 

-Ci.  0807 

0.  0721 

-0.  4001 

-0.  0583 

146 

0  00A 

0.  25*5* 

03.  00 

0.  A 70? 

-0.  0864 

0,  0793 

-0.  4/93 

“0.  0544 

1A7 

0  007 

Cl.  300 

04  (id 

0.  500? 

-0  0865 

0.  0060 

-0.  5554 

•  0.  04  75 

A  40 

0  005 

0.  290 

00.  00 

0.  61*06 

-Ci.  0859 

0.  0939 

-0.  6315 

•  0.  0390 

A  4  0 

0.  007 

0  30Ci 

00.  99 

0.  603A 

-Ci.  0700 

0.  1024 

-0.  6905 

“0.  0306 

A  50 

0  00A 

(i  25*0 

07.  00 

0.  70/6 

-Cl  0724 

0.  1138 

-0.  7659 

-Ci.  0206 

A  M 

0  00/ 

Ci  30C* 

Ci 7.  99 

0.  0100 

-0  0744 

0.  120? 

-0.  8299 

•  0.  0135 

A  52 

0  007 

(i  300 

C Hi  95* 

0.  0070 

-Ci.  0855 

0.  1462 

-0.  0699 

“0.  OSCH 

i5:< 

0  00A 

0  200 

OS  5*5* 

0.  0/AO 

-Ci  0950 

0.  1653 

-0.  0900 

•0  Hi 11 

At.  A 

C<  CiOA 

0  299 

5  0  99 

0  OOOi' 

-Ci.  1062 

0  1043 

-0.  0993 

“0.  0131 

TABLE  2C-1 


M  k 

k 

1:  VH. 

nfic  i:. 

)t«  )h 

1  1  1  1 

1  1  1  CM. 

3  0/ 

0 

.  552 

0  5  99 

•3(i  01 

"0.  4002 

"0.  0001 

152 

0 

V,1'. 

(1.  200 

•  05*.  05 

•  0  4026 

"0  0616 

1  59 

0 

.  s  •  \  *  t. 

(i.  3  99 

•00.  00 

•0  3240 

-0.  0680 

3  60 

0 

.  555 

0  203 

•  07.  05 

-0.  235*0 

-Ci.  0710 

1  6.1 

0 

.  555 

0 .  205 

•  06  (.0 

-0.  1000 

-0  0699 

162 

0 

.  552 

0  3  95* 

•  00  (id 

- (*.  0769 

-Ci.  0703 

16: 

0 

(i.  200 

-04  05 

-0.  0013 

-Ci.  0696 

1 64 

0 

.  555 

0.  203 

•03.  00 

0.  0740 

-0  0702 

165 

0 

.  555 

(i.  20(i 

■02.  0(i 

0  1440 

-0  0672 

3  66 

0 

.  555 

(i.  200 

••  03 .  (i(t 

(».  2202 

-0  0608 

16/ 

0 

555 

0.  200 

00  00 

0.  2929 

-0  06.39 

160 

0. 

555 

0.  200 

05.  00 

0.  3/22 

-0  0631 

3  69 

0 

555 

(i.  200 

02.  00 

0  4  029 

-0.  0631 

3  VO 

0. 

555 

0.  205 

03  (i(i 

(•  0264 

-0  00516 

3  73 

0 

555 

0.  200 

04  00 

0.  6009 

-0  0082 

3  V'2 

0. 

555 

0.  200 

00.  00 

0.  6704 

-0.  0039 

3  75 

0. 

555 

0.  203 

00.  5*9 

0.  7200 

-Ci.  0523 

3  74 

0. 

550 

0.  202 

07.  00 

0.  7764 

-0.  0488 

3  75 

0. 

0.  205 

07.  99 

0.  0403 

-Cl.  0503 

3  76 

0. 

555 

(k  203 

09  05 

0.  0767 

-0.  0490 

3  7  V 

0. 

552 

0  5  99 

3  0.  05 

0.  5*124 

-0.  001/ 

3  70 

0. 

552 

0.  3  99 

5  5  .  00 

0.  9390 

-0.  0074 

3  79 

(1. 

552 

0.  5  99 

3  2.  00 

0.  9096 

-0  062/ 

3  00 

0. 

552 

(i.  5  99 

5  3.  00 

0  9606 

-Ci.  0700 

3  03 

0. 

552 

(i.  5  99 

3  3.  5*5* 

0.  9760 

-0.  0739 

3  02 

0 

i:,r,  •• 
s  *  >  *  ■* 1 

0.  200 

5  0.  0(i 

0.  9670 

"0.  0721 

3  03 

0. 

552 

0  5  99 

5  0.  5*9 

0.  9741 

-0.  0786 

3  04 

0. 

05  7 

(».  25*9 

•50  02 

"0.  0003 

-0  0021 

3  05 

0. 

025 

0.  .700 

•  09.  02 

-0.  415*9 

-0  0621 

3  06 

0. 

025 

0.  .70(1 

-00.  05 

“0.  3301 

-0  0682 

3  07 

(1. 

025 

0  305 

■  07.  02 

•  0.  24  97 

•-(1.  0720 

3  00 

0. 

025 

0.  300 

06  05 

-0.  164  7 

•-0.  0733 

3(19 

(1 

025 

(i.  300 

00  00 

••(»•  0046 

-0  0726 

3  9(i 

0. 

023 

0  305 

(•4  05 

“(i.  0032 

-Ci.  0723 

3  93 

0. 

023 

(i.  3(»5 

03.  (i(i 

0  0/30 

•-0  0716 

3  92 

0. 

023 

(«.  303  • 

02  00 

0.  1400 

-0.  0702 

3  93 

0. 

023 

0.  30(i  • 

(•5  0(i 

0  224/ 

•0  06/5 

3  94 

0. 

025 

0  30(i 

00  00 

0.  25*97 

-0.  0651 

3  95 

0 

023 

0.  305 

(i5  0(i 

0  3763 

-0  0643 

1  96 

0 

024 

0.  305 

02  (!(• 

0  4006 

-0.  0634 

3  97 

0 

023 

0  303 

03  00 

0.  0330 

•  0  0612 

3  90 

0 

023 

(t  305 

03  95* 

0  6100 

-0.  0086 

3  99 

0 

05  7 

(t  3(»(i 

(•4  99 

0  6/00 

-0  0041 

200 

0 

05  4 

0.  295* 

06  00 

0  7302 

(i  05111 

203 

0 

05  4 

0.  295* 

07  0(i 

0  7002 

(i  0490 

202 

(». 

05  4 

0  295* 

00  05 

0  0374 

0  0498 

203 

0 

05  4 

0  25*5* 

09  00 

0  0727 

-0  0498 

204 

0 

05  2 

0.  290 

5  0  00 

0.  5*15  9 

-0  (1533 

205 

u 

05  4 

0  25*5* 

5  5  05 

0.  5134  2 

0  0088 

URHCi  MORtfM.  fix  1  HI 


0.  0040 
0.  0626 
0.  04/0 
0.  0333 
0.  021/ 

0.  0165 
0.  0144 
0.  0135 


0.  4953 
0.  40/4 
0.  3201 
0.  241/ 
0.  1519 

0.  0/Z9 
0.  0022 
0.  0/41 


0.  0142  -0.  1440 
0.  01/1  -0.  2200 


0.  0694 
0.  0046 
0.  1026 
0.  1250 
0.  1456 

0.  1606 
0.  1916 
0.  2155 
0.  236/ 
0.  2600 

0.  2Z/4 
0.  2991 
0.  06/2 
0.  0662 
0.  04  90 

0,  034/ 
0.  0232 
0.  0163 
0.  0140 
0.  0131 

0.  0143 
0.  01/0 
0.  0213 
0.  02/5 

0.  0352 
0.  0439 
0.  0548 
0.  0694 
0.  065/ 


0.  001.9 
0.  001(1 
•  0.  001 1. 
-0.  004  0 
0.  0660 

-  Cl.  0090 

••(*.  014  3 
•0.  01/5 

•  0.  0193 

•  0.  0210 


-0.  6/40 
-0.  7304 
-0.  7832 
-0.  6496 
>0.  6888 

-0.  9280 
-0.  9569 
>0.  9836 
-0.  99/6 
-1.  0100 

-1.  0065 
-1.  0190 
0.  5076 
0.  4250 
0.  3416 

0.  2520 
0.  1661 
0.  0656 
0.  0041 
-0.  0/31 

-0.  1483 
-0.  2245 
-0.  2996 
0  3/66 

-0.  4567 
•0.  5355 
-0.  6129 
0.  6/94 
■0.  7403 


0.  1043  -0.  7951 
0.  1248  >0.  8466 
0.  1453  -0.  6646 
0.  1691  -0.  92/5 
0  1920  -0.  9536 


•0.  010/ 

•  0.  0065 

•  0.  00/1 
••0.  0069 
“0.  0066 

•-0.  0070 
•0.  0090 
•  0.  0112 
*0.  014/ 
•  0.  0162 

-0.  01/5 
•0.  0191 
0.  0010 
0.  0002 
-Cl.  0016 

"0.  0040 
•0.  0059 
"0.  0090 
•0.  0130 
•0.  01/0 

•  0.  0196 

•  0.  0210 
0  0214 

■0.  0210 

0.  0193 
"0.  0160 
•  0.  0122 
"0.  0104 
0  0064 

"(000/4 
"0.  0069 

"  0.  0071 
0.  0062 
0  0102 


TABLE  2C-3 


5,1  I: 

I  ’l.  VO. 

Ml' 

it » 

)  N(  )  0 

un 

car  ch. 

DRrtO 

UORMRl 

ay.  a  mi.  . 

!:(<( 

0.  v.7i. 

Ci. 

if  os 

•56  65 

•6.  4664 

-0.  0576 

0.  0765 

0.  4748 

0  0040 

209 

(i.  566 

6 

26(1 

••65*.  (*5 

•■6.  35*23 

-0.  0672 

0.  0567 

0.  3067 

(I.  0023 

if  ft  (1 

0  571 

Cl 

ifVft 

••66.  66 

•  (i.  363V. 

•-0.  0723 

0.  04  24 

0.  3063 

0.  (1(1 02 

if  ft  .’l 

o.  57 1 

(1 

265. 

••('?.  65 

-6.  21  OS 

-0  0755* 

0.  0264 

0.  2109 

-0.  0027 

if  ft  if 

0.  571 

Cl 

265 

••('iV  65 

*0.  135*7 

(i  0736 

0.  0167 

0.  1408 

•  0  0041 

i:  ft* 

0.  1.66 

(1 

266 

•05  66 

-6  0615* 

-0  0726 

0.  0136 

0.  0626 

0.  00 6 0 

214 

0.  566 

Cl 

266 

-64  65 

0.  0141 

-0  0720 

0.  0116 

-0.  0134 

•  0.  0129 

2iv. 

0.  571 

Cl. 

265 

-63.  (i(i 

0.  065*1 

•*(i.  0726 

0.  0116 

-0.  0665 

•  0.  0164 

if  ft  6 

(i.  1.66 

Cl 

266 

••  65  .  5*5* 

0.  1612 

-0.  0716 

0.  0132 

-0.  1607 

•  (i  0169 

if  ft  7 

(i  567 

Cl. 

5  5*5* 

•65.  66 

0.  2363 

-0  0667 

0.  0167 

-0.  2361 

•0.  0209 

if  ft  6 

0.  t-66 

Cl. 

266 

66  66 

0.  305*5 

•  0  0662 

0.  0216 

-0.  3096 

■•(i.  0220 

ifft<> 

(i.  575 

Cl 

262 

65.  6(i 

6.  3665 

-0.  0656 

0.  0264 

-0.  3610 

■0  0216 

220 

0  v.?i 

Cl 

265 

62.  6(i 

6.  4632 

-0.  0654 

0.  0370 

-0.  4644 

••0.  0206 

i.i't 

6  575 

(I. 

265 

03.  66 

6.  5406 

-0.  0650 

0  0466 

-0.  5416 

•  0.  0183 

0.  i  >  7  ft 

Cl 

265 

03.  <*<* 

6.  6016 

-Ci.  0617 

0.  0566 

-0.  6044 

•0  0149 

Cl.  566 

Cl. 

266 

0V>.  0(i 

0.  6636 

-0.  0560 

0.  0706 

-0.  6674 

••0.  0127 

if  if< ? 

d.  56? 

Cl 

5  5*5* 

06.  6(< 

0.  7306 

-0.  6555 

0.  0674 

- 0 .  7361 

•  0  0105 

V» 

Ci.  56? 

0 

ft  5*«i 

67.  66 

0.  75*05 

-0.  0544 

0.  1066 

-0.  7977 

•  (i  0094 

226 

Ci.  V.66 

Cl 

266 

67.  5*5* 

0.  0336 

-0.  0526 

0.  1261 

-0.  8434 

-0.  0089 

a  i:  7 

0.  670 

Cl. 

5  ?*?* 

65*.  66 

6.  6761 

-0.  0533 

0.  1461 

“0.  8906 

•  0.  0069 

if  i  t; 

Ci  6? Ci 

Cl 

5  99 

5  6  66 

0.  5*15*3 

-0.  0546 

0.  1717 

~0.  9353 

•0  0094 

if  iff 

d.  V.V'Ci 

Cl. 

5  5*9 

5.1.  65 

(i.  5*4  74 

-0.  0561 

0.  1646 

-0.  9673 

•  0.  0102 

23  o 

0.  570 

Cl. 

5  5*5  < 

5  2.  66 

6.  5*665 

"0  0612 

0.  2176 

-0.  9906 

•  0.  0118 

i  f  3  ft 

Ci.  570 

Cl. 

5  95* 

5  3.  6(i 

0.  5*707 

-0.  0667 

0.  2400 

-0.  9999 

•0.  0154 

if  3  i‘ 

Ci.  V.V'Ci 

Cl 

ft  5*5* 

5  3.  5*5* 

0.  5*621 

-(i.  0732 

0.  2585 

-0.  9961 

•-0  0182 

if  :< 3 

Ci.  V.V'Ci 

d 

5  5*5* 

5  V*.  66 

('.  5*726 

-0  0754 

0.  2804 

-1.  0123 

•  0.  0190 

if  >  4 

Ci.  V.66 

0 

266 

5  V*.  5*5* 

0.  6735* 

•-(i.  0769 

0.  2660 

“1.  0169 

-d.  0200 

235 

Ci.  034 

Cl. 

300 

•  5  6.  0  V* 

*0.  4676 

-0.  046  7 

0.  0660 

0.  5055 

0  0001 

if  3  6 

Ci.  034 

(1 

300 

••(i<*.  (14 

-0.  4236 

-0  055*5 

0  0682 

0.  4292 

•  0.  0009 

if  .*■  • 

Ci.  03? 

Cl 

3(u 

-66.  63 

-0.  3377 

-(I.  0674 

0.  0405 

0.  3412 

•  0.  0020 

;.:<*• 

ci  03? 

(1 

365 

••(•7.  03 

*0.  2466 

•0  0716 

0.  0345 

0.  2511 

•  0.  0039 

Ci  03v 

Cl 

365 

-66.  62 

•0.  1650 

-0  0709 

0.  0220 

0.  1664 

•  0  0(i  56 

240 

Ci  03  V 

Cl 

365 

•64.  65 

-0.  0056 

•0  0705 

0.  0145 

0.  0065 

•  0.  014  2 

mi 

Ci.  (i> V 

(1 

365 

-62.  66 

0.  1454 

-0  0676 

0.  0150 

-0.  1449 

•  0  0201 

242 

Ci.  03  V 

(1 

365 

•  62.  66 

0.  1456 

-0  0676 

0.  0150 

-0.  1453 

•  0.  0201 

243 

Ci  C>  V 

Cl 

365 

"6(i.  62 

0.  25*76 

•0  0644 

0.  0231 

-0.  2977 

••0  0233 

if  4  4 

Ci.  03  V 

(1 

365 

-62  62 

(i.  4550 

•0  0624 

0.  0207 

-0.  4541 

•  0.  0366 

241. 

Cl.  C!.<4 

Cl 

36(i 

-64.  62 

0.  6073 

•  0  055*6 

0.  0031 

-0.  6057 

••0.  04  57 

246 

ci  <i :< 

(1 

365 

(i2.  (i(i 

0.  5241 

-0  0602 

0.  0416 

-0.  5254 

••(i  023V. 

if  AY 

Ci  03  V 

Cl 

365 

63.  5*5* 

0.  6030 

-0  0572 

0.  0568 

-0.  6056 

•0.  0167 

if  AH 

Cl.  034 

0 

366 

66  66 

0.  7230 

•0  0506 

0.  0888 

-0.  7265 

•  0.  0127 

if  A*) 

0  030 

Cl 

25*5* 

66  66 

6.  6224 

-0.  04  76 

0  1264 

-0.  8321 

•  0  0106 

i 

Ci  03  1 

Cl 

366 

5  6  65 

0  6064 

•  0  0507 

0  1717 

-0.  9245 

•  0  0113 

if..! 

Ci  03  4 

0 

366 

5  2  66 

0.  6426 

•-  (i  0604 

0  2158 

-0.  9672 

•  0.  05  52 

if  1.2 

Ci  034 

(1 

36(i 

5  4  66 

0.  6336 

Ci  0663 

0  2538 

-0.  9676 

•  0  0203 

TABLE  2D~1 


5,1  I; 

01  S'O. 

nfiC  ii. 

)MC)I> 

l.)fl 

MUCH. 

DkrtG 

NORMAL 

OK)  HI.. 

^  :< 

o.  v.v:s 

o 

a  5*5* 

•  3(i  07 

•  0.  4661 

•  (t.  0663 

0 

005*0 

0. 

4744 

•  0.  006? 

.i  64 

0  07  V. 

o . 

;:d(i 

•05*  o:< 

•0.  1<5*01 

-0  0737 

0. 

0702 

0. 

4041 

•  0.  0070 

a60 

0  070 

0 

;.'0  a 

-00.  07 

-0.  3234 

-0  0776 

0. 

0033 

0. 

3276 

-0.  0070 

66 

0  1770 

0 

;.(•  a 

-07.  0(i 

“0.  2332 

-0  0004 

0. 

0373 

0. 

2359 

-0.  0007 

16Y 

0  v.co 

(1. 

a  5*5* 

-06.  00 

-0.  3020 

-0  0000 

0. 

0246 

0. 

1537 

•  0.  0007 

a  co 

0.  060 

0 

a  5*5* 

-00  03 

-0.  0763 

-0  075*3 

0. 

0170 

0. 

0772 

•  0.  0104 

c 

0.  070 

0 

7(i  a 

•  04  03 

0.  0036 

0  0770 

0. 

0130 

-0. 

0000 

•  0.  0132 

a  70 

0.  070 

o. 

2oa 

-03.  03 

0.  0776 

-0  0740 

0. 

01 00 

-0. 

0770 

-0.  0100 

a  7  a 

0.  070 

(I 

7oa 

-  02.  03 

0.  1037 

-0  0756 

0. 

0106 

-0. 

1533 

-0.  0161 

a  72 

0.  070 

0 

7(13 

•  00  5*5* 

0.  2276 

•  0  0706 

0. 

0116 

-0. 

2275 

•  0  0106 

a  i  !' 

0  060 

0 

a  5*5* 

0(i  0(i 

(i.  3035* 

(i  0603 

0. 

0144 

-0. 

3040 

0  014  0 

a  7-i 

0.  060 

(1. 

a  <*<* 

03.  00 

0.  3020 

-0  0603 

0. 

0109 

-0. 

3029 

-0.  0122 

A  V  Vi 

0.  060 

(1 

a  5*5* 

02.  0(i 

0.  4061 

-0  0632 

0. 

0246 

"0. 

4560 

•  0.  0007 

a  76 

0  060 

0. 

a  5*5* 

03.  00 

0.  0332 

•  0  0002 

0. 

0310 

-0. 

5322 

-0.  0031 

a  7  7 

0.  060 

(1 

a  5*5* 

03.  5*5* 

0.  6037 

-0.  004  0 

0. 

0401 

-0. 

6052 

0.  0020 

a  70 

0  060 

0 

a  5*5* 

00 

00 

0.  665*3 

-0  0490 

0. 

0530 

-0. 

6713 

0.  0000 

a  ?** 

0  060 

0 

a  5*5* 

06.  00 

0.  7331 

-0.  0460 

0. 

0601 

-0. 

7364 

0.  0009 

a  oo 

0.  060. 

0 

a  5*5* 

07.  00 

0.  7070 

-0  0436 

0. 

0062 

"0. 

7910 

0.  0104 

aoa 

0.  060 

(1 

a  5*?* 

00  00 

0.  0300 

-0  0406 

0. 

1065 

-0. 

0423 

0  0100 

a  oo 

0.  070 

(1 

703 

05*.  03 

0.  0604 

-0.  0404 

0. 

1203 

“0. 

0779 

0.  0092 

a  o:< 

0  070 

0 

703 

3  0.  (id 

0.  5*023 

-0  0071 

0. 

102? 

-0. 

9150 

0  0063 

a  o* 

0.  070 

0 

703 

3  0  5*5* 

0.  5*24? 

-0.  0602 

0.  1775 

-0. 

941? 

0.  0021 

a  oo 

0.  070 

0 

703 

33.  5*5* 

0.  5*41? 

•  0.  0730 

0.  2003 

-0. 

9629 

•0.  0002 

a  oc 

0  070 

0 

(  t  a' 

3  3.  00 

0  5*060 

-0  0702 

0. 

2231 

-0. 

9010 

•  0.  0023 

a  07 

0  070 

0 

203 

a  :<  5*5* 

0.  5*620 

0.  0020 

0. 

2452 

-0. 

9936 

•0.  0001 

a  oo 

0.  070 

(1 

703 

5  0.  ('(• 

0.  5*664 

-0.  0020 

0. 

2640 

-1. 

0021 

-0.  0000 

a  09 

(•  060 

0 

a  5*5* 

3  0 

5*5* 

0.  5*063 

-0.  0004 

0. 

2800 

-1. 

0276 

-0.  0060 

a  5*0 

0  070 

0 

203 

5  7  00 

0.  5*5*02 

-0  0000 

0. 

3120 

-1. 

0409 

•0.  0064 

a  5*  a 

0.  070 

0 

707 

3  0 

00 

0.  5*5*06 

-0  0000 

0. 

3300 

-1. 

0492 

•  0.  0069 

a  <»  i: 

0.  060 

0 

3  5*5* 

5  0 

5*5* 

0.  5*007 

-0  0073 

0. 

3403 

-1. 

0403 

-0.  0070 

15*3  o.  o?o  0  201 


20  OO  1  .00*5  -0.0902  0.3770  -1.  0777  -0.0009 


TABLE  2D- 3 


MR  RfS'H.  IlftC.H.  )«()(>  LIFT.  pH  CM.  OKHG  MORIIAL  (1>;)KI.. 


3  SO 

0. 

666  0  200 

••  5  0.  02 

-0.  4672 

-0.  055*0 

0. 

0094  0. 

4  757 

-0.  0069 

3  S3 

0 

t.o. v.  0  200 

•  (i5*  02 

-o.  :<5<s? 

(1.  OS (21 

0. 

0679  0. 

3994 

•  0.  0055 

3  s  2 

0 

6?  5  0  203 

•00  02 

-0.  S05<? 

•  0.  0404 

0. 

0520  0. 

3130 

•  0.  0004 

3  s: 

c*. 

OV.'i  0.  202 

•  0?.  02 

-0.  225  4 

■  0.  0496 

0. 

0390  0. 

2245 

-0.  05  26 

3  24 

0. 

675  0.  203 

-  00  03 

-0  3400 

-0.  0401. 

0.  0315  0. 

1404 

•  0.  05(5 

3  !  :■  1* 

0. 

666  0.  200 

-06.  05 

*0.  0004 

-0.  04  05 

0. 

029?  0. 

0706 

•  0.  0238 

3  SO 

0. 

66  (>  0.  203 

-04.  03 

0.  0002 

-0.  0466 

0. 

0303  -0. 

0031 

•  0.  0307 

3  S  '/ 

0. 

666  0.  20(* 

~03.  OS 

0.  0003 

-0.  0460 

0. 

0331  -0. 

0703 

-0.  0374 

3  SO 

0. 

666  (»•  2C»0 

•  02.  00 

0.  1500 

-0.  0441 

0. 

038?  -0. 

1486 

-0.  04  4(i 

3  35* 

0. 

666  0  2(i0 

-(•3.  02 

0.  2224 

-(».  0431 

0.  0466  -0. 

2216 

•0.  0506 

140 

0. 

666  0.  200 

00  00 

(i.  25*S5* 

-0.  0410 

0.  05?9  -0. 

2940 

••(».  0580 

141 

0. 

666  o.  2(1(1 

05.  00 

0.  3696 

-0.  035*6 

0. 

0714  -0. 

3709 

•0.  0650 

142 

0. 

V>?3  0.  203 

(i2.  00 

0.  4432 

-0.  035*5 

0. 

0071  -0. 

4461 

-0.  075  6 

3  1 S 

0. 

675  0.  203 

(IS.  00 

0.  4  5*7? 

-(I.  0376 

0. 

1000  -0. 

5024 

•  0  0746 

3  4-1 

0. 

666  0.  200 

04  00 

0.  5? 02 

-0.  0370 

0. 

1195  -0. 

5773 

•0.  0794 

3  4  0 

0. 

675  0  205 

04.  5*5* 

0.  (.20? 

-0  0370 

0. 

1356  -0. 

6302 

■  0  0010 

3  4  0 

0. 

675  0-  203 

00  0(1 

0.  6714 

-0.  0372 

0. 

1549  -0. 

6041 

-0.  003(1 

3  4? 

0. 

6?  5  0  2(i3 

07.  0(1 

0.  715  9 

-0.  0302 

0. 

1730  -0. 

7278 

-0.  084  5* 

3  4  0 

0. 

6 V 5  0  201 

00  03 

0.  7562 

-0.  0370 

0. 

1914  “0. 

7756 

•  0.  004  3 

3  4  5* 

0 

666  (i  200 

05*  01 

0.  0209 

-(»  0425 

0. 

2125  -0. 

6442 

-0.  0014 

3  1.0 

0. 

675  0.  203 

3  0.  05 

0.  0400 

-0  0486 

0. 

2263  -0. 

0726 

-0.  0760 

151 

0 

675  0.  203 

5  0  5*5* 

0.  0616 

-0.  0570 

0. 

243?  -0. 

6924 

•0.  0749 

3  V>  2 

(1. 

M  l.  0  200 

55.  5*5i 

0.  0?0(. 

-0  0653 

0. 

262?  “0. 

9142 

•  0.  0744 

3  os 

0. 

6 ? 5  0.  203 

5  .2.  00 

0.  04  70 

-0.  075*3 

0. 

2743  -0. 

6660 

•  0.  0766 

3  V'4 

0 

67.1  0  203 

5  S .  5*5* 

0.  0170 

-0.  0090 

0. 

2029  -0. 

6613 

-0.  0770 

3  00 

0 

666  0.  200 

5  0  0(i 

0.  75*5  0 

•  0.  0900 

0. 

2920  -0. 

6405 

-0.  0771 

3  SO 

0. 
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(i)  Standard  wedge  configuration 


View  AA 

(along  starboard  leading  - 
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(both 
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(ii)  Alternate  configurations 


FIG.  2(c)  Continued 
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FIG. 3  (a)  UPPER  SURFACE  WEDGES  DEFLECTED  20  DECREES 
EFFECT  ON  LIFT  -  VARIOUS  SLOT  SIZES 
REC=570000.  M-0.2- 
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FIG.  3(b)  UPPER  SURFRCF  WEnr.FS  DEFLECTED  20  DECREES 
EFFECT  ON  ORPG  OF  VRRIOUS  SLOT  SIZES 
REC=570000.  M=0. 2» 
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FIG.  3(c)  UPPER  SURFACE  WEDGES  DEFLECTED  20  DECREES 

EFFECT  ON  PITCHING  MOMENT  -  VARIOUS  SLOT  SIZES 
REC=570000.  M=0.2« 
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FIG. 4  (a)  30MM  LEADING  EDGE  WEDCES  -  NO  SLOT 
EFFECT  ON  LIFT  -  VARIOUS  DEFLECTIONS 
REC=570000i  N=0. 2> 


SYMBOL  M 
CLEW  RIBFOIL  X  . » 

XFl.  IB  DEC  +  .M 

am.  a  nee  A  .a 


FIG.  4(b)  30MM  LEADING  EDGE  WEDGES  -  NO  SLOT 
EFFECT  ON  DRAG  -  VARIOUS  DEFLECTIONS 
REC  =  570000 >  M  =  0 . 2 1 
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FIG.  6  (a)  S0Mf1  LERDINC  EDCE  WEDCES  -  NO  SLOT 
EFFECT  ON  LIFT  -  VRRIOUS  DEFLECTIONS 
REC=570000i  M=0. 2i 
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FIG. 6(b)  50MM  LEPDING  EDCE  WEDCES  -  NO  SLOT 
EFFECT  ON  ORRC  -  VARIOUS  DEFLECTIONS 
REC=570000.  M=0 . 2 1 
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FIG. 7(C)  S0MM  LEADING  EDGE  WEDGES  -  DEFLECTION  10  DECREES 
EFFECT  ON  PITCHINC  MOMENT  -  VARIOUS  SLOT  SIZES 
REC=570000i  M=0.2» 


DISTRIBUTION 


AUSTRALIA 

Department  of  Defence 
Central  Office 


(1  copy) 


Chief  Defence  Scientist  ) 

Deputy  Chief  Defence  Scientist  ) 

Superintendent,  Science  and  Technology  Programmes  ) 

Controller,  Projects  and  Analytical  Studies  ) 

Defence  Science  Representative  (U.K.)  (Doc  Data  sheet  only) 
Counsellor,  Defence  Science  (U.S.A.)  (Doc  Data  sheet  only) 
Defence  Central  Library 

Document  Exchange  Centre,  D.I.S.B.  (17  copies) 

Joint  Intelligence  Organisation 

Librarian  H  Block,  Victoria  Barracks,  Melbourne 

Director  General  -  Army  Development  (NSO)  (4  copies) 


Aeronautical  Research  Laboratories 


Director 

Library 

Superintendent  -  Aerodynamics 
Divisional  File  -  Aerodynamics 
Author:  A.P.  Brown 

Wind  Tunnel  Research  Group  (6  copies) 
Materials  Research  Laboratories 


Director /Library 
Defence  Research  Centre 


Library 


Navy  Office 

Navy  Scientific  Adviser 

RAN  Aircraft  Maintenance  and  Flight  Trials  Unit 
Directorate  of  Naval  Aircraft  Engineering 
Directorate  of  Naval  Aviation  Policy 
Superintendent,  Aircraft  Maintenance  and  Repair 


Army  Office 

Army  Scientific  Adviser 

Engineering  Development  Establishment,  Library 
Royal  Military  College  Library 

US  Army  Research,  Development  and  Standardisation  Group 


DISTRIBUTION  (CONTD.) 


Air  Force  Office 


Air  Force  Scientific  Adviser 
Aircraft  Research  and  Development  Unit 
Scientific  Flight  Group 
Library 

Technical  Division  Library 

Director  General  Aircraft  Engineering  -  Air  Force 
RAAF  Academy,  Point  Cook 

Central  Studies  Establishment 


Information  Centre 
Department  of  Defence  Support 
Government  Aircraft  Factories 


Manager 

Library 

Department  of  Science  and  Technology 
Bureau  of  Meteorology,  Library 
Department  of  Aviation 


Library 

Flying  Operations  and  Airworthiness  Division 


Statutory  and  State  Authorities  and  Industry 

Trans-Australia  Airlines,  Library 
Qantas  Airways  Limited 

SEC  of  Vic.,  Herman  Research  Laboratory,  Library 
Ansett  Airlines  of  Australia,  Library 

Melbourne  Research  Laboratories 
Commonwealth  Aircraft  Corporation,  Library 
Hawker  de  Havilland  Aust.  Pty  Ltd,  Bankstown,  Library 
Rolls  Royce  of  Australia  Pty  Ltd,  Mr  C.G.A.  Bailey 


Universities  and  Colleges 


Adelaide 

FI  inders 

Latrobe 

Melbourne 


Barr  Smith  Library 

Professor  of  Mechanical  Engineering 

Library 

Library 

Engineering  Library 


Universities  and  Colleges  (contd.) 


Monash 

Newcastle 

Sydney 

N.S.W. 


Queensland 

Tasmania 

Western  Australia 


Hargrave  Library 
Library 

Engineering  Library 

Physical  Sciences  Library 
Professor  R.A.A.  Bryant,  Mechanical 

Engineering 


Library 

Engineering  Library 

Professor  A.R.  Oliver,  Mechanical  Engineering 
Library 

Associate  Professor  J.A.  Cole,  Mechanical 

Engineering 


R.M.I.T.  Library 

Dr  H.  Kowalski,  Mech.  &  Production  Engineering 


UNITED  KINGDOM 

Royal  Aircraft  Establishment 
Bedford,  Library 
Farnborough,  Library 

UNITED  STATES  OF  AMERICA 

NASA  Scientific  and  Technical  Information  Facility 
NASA  Langley  Research  Center,  Library 
NASA  Ames  Research  Center,  Library 


SPARES  (10  copies) 
TOTAL  (99  copies) 


Department  cf  D  fence 

DOCUMENT  CONTROL  DATA 


16  Abstract  t Cental 

a  wedge  deflection  from  the  aerofoil  surface  of  zero  degrees)  and 
markedly  reduced  variations  in  pitching  moment  prior  to  and  following 
stall. 


,  1 7  Imprint 


Aeronautical  Research  Laboratories,  Melbourne. 


18  Document  SvoierKJ  Number 

Aerodynamics  Technical 
Memorandum  356 


hB.  Cost  Coda 

I 

j  53  7700 


1 20  T  ypa  o*  R*Xjr-  an<3  ParxxJ  Cow  act 


t  Fits  Raft*) 


